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Effect of Intermediate Flush Using
Different Devices to Prevent
Chemical Smear Layer Formation

Camilla Corréa Silva', Vivian Maria Durange Ferreira’, Gustavo De-Deus?,
Daniel Rodrigo Herrera3, Maira do Prado®, Emmanuel Jodo Nogueira Leal
da Silva’

This study compared the effect of intermediate flush with distilled water delivered
by conventional irrigation, EndoVac microcannula or Self-Adjusting File (SAF) system
in the prevention of chemical smear layer (CSL) formation. Thirty human premolars
were used. Canals were prepared with Reciproc system and 5.25% NaOCl. After
chemomechanical preparation, samples were divided in 3 groups (n=10) according to
the intermediate irrigation protocol with distilled water using: conventional irrigation,
EndoVac microcannula or SAF. A final flush with 2% chlorhexidine solution was used
and scanning electron microscopy was performed to assess protocol effectiveness. Two
calibrated evaluators attributed scores according the presence or absence of CSL on the
surface of the root canal walls at the coronal, middle and apical thirds, as follows: (1) no
CSL; (2) small amounts of CSL; (3) moderate CSL; and (4) heavy CSL. Differences between
protocols were analyzed with Kruskal-Wallis and Mann-Whitney U tests. Friedman and
Wilcoxon signed rank tests were used for comparison between each root canal third. SAF
resulted in less formation of CSL when compared with the conventional irrigation and
EndoVac microcannula (p<0.05). When root canal thirds were analyzed, conventional
irrigation and EndoVac groups showed less CSL formation at coronal and middle thirds
in comparison to the apical third (p<0.05). In SAF group, there was no difference among
the thirds (p>0.05). It may be concluded that an intermediate flush of distilled water,
delivered by the SAF system resulted in a better reduction of CSL formation during
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chemomechanical preparation.

Introduction

The success of endodontic treatment depends on
cleaning, disinfection and shaping of the root canal
system (1). The root canal system is anatomically complex,
and mechanical instrumentation does not provide a
fully prepared root canal surface (2). Also, irregularities,
isthmuses and ramifications are not accessed by mechanical
instruments. Therefore, different auxiliary substances
have been used in association with instruments during
mechanical preparation, to provide a better cleaning and
disinfection (3).

Among the substances used in endodontics during
chemomechanical preparation, sodium hypochlorite
(NaOCl), in different concentrations, has been the most
commonly used (3). This endodontic irrigant has the ability
to destroy a broad spectrum of microbes and to dissolve
organic tissue; however, it is known that NaOCl solutions
have cytotoxic effects and alter dentin microhardness,
as well as the organic components of dentin, especially
collagen (3).

Chlorhexidine (CHX) has been used during endodontic
therapy because it isan effective antimicrobial agent which
has substantivity on dentin surface (4). Additionally this

layer; sodium hypochlorite.

substance has a positive effect in adhesion of endodontic
sealers (5) and increases the longevity of resin-dentin bonds
(6). Because CHX lacks the tissue-dissolving capabilities
of the NaOCl, it has been suggested the use of CHX as
an additional irrigant, for intracanal medication or as a
final flush (3).

Ingeneral, anirrigantis not completely flushed out from
the root canal system before applying the next irrigant. As
a result, endodontic irrigants routinely come into contact
with each other inside the root canal (7). In this aspect, the
literature shows that when NaOCl interacts with CHX inside
the root canal, an orange-brown precipitate is produced.
This precipitate forms a chemical smear layer (CSL) on
dentin surface, occluding the dentinal tubules. This layer
may affect close adaptation between root canal filling
materials and the root canal walls, interfering in the seal
of the root canal filling (8,9). In addition, this precipitate
changes the color of the tooth and is cytotoxic (10-12).

To prevent the precipitate formation, several strategies
have been proposed, such as the use of intermediate
solutions between the use of NaOCl and CHX (7,13,14)
or techniques to remove the CSL after its formation (15).
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However, both strategies failed to prevent completely
the precipitation of residues on root canal walls. It is
expected that the ideal protocol uses a substance that
does not react with the other used irrigants (such as
distilled water) and capable to flush out previously used
irrigants. Moreover, a delivery technique that allows a better
dispersion of this intermediate solution throughout root
canal space should be selected. Thus, the present study
aimed to compare the effect of an intermediate flush of
distilled water delivered using EndoVac microcannula (
Kerr Comporation, Orange, CA, USA) or Self-Adjusting
File (SAF - ReDent-Nova, Ra'anana, Israel) to prevent the
formation of CSL. Conventional irrigation was used as
reference for comparison. The null hypothesis tested was
that there are no differences in the CSL formation when
different protocols were used.

Materials and Methods

The present study was approved by the Human Research
Ethics Committee of Grande Rio University (UNIGRANRIO)
protocol 48566215.1.0000.5283. Thirty human premolars
with single straight canals, radiographically confirmed and
fully formed roots, all extracted for orthodontic reasons,
were selected for this study. They were stored at 4 °C in
0.2% thymol solution. Prior to the experiments, all teeth
were examined visually and radiographically to exclude
specimens with resorption, previous root canal treatment
or canal calcification.

Sample preparation

The apexes were sealed with hot glue and embedded
in polyvinyl siloxane to simulate the effect of apical gas
entrapment in a closed canal system. After access cavity
preparation, the working length (WL) was determined by
passing a size 10 K-file through the apical foramen and
withdrawing it 1.0 mm. A glide path was established by
scouting a size 15 K-file (DentsplyMaillefer, Ballaigues,
Switzerland) up to the WL.

All root canals were prepared with Reciproc system
(VDW, Munich, Germany). Instruments were driven with
the VDW Silver motor according to manufacturer’s
instructions and a single experienced operator performed
all preparations. Reciproc instrument R25 (25/0.08) was
introduced into the canal until resistance was felt and
then activated in reciprocating motion. The instrument
was moved in an apical direction using an in-and-out
pecking motion of about 3 mm in amplitude with a light
apical pressure. After 3 pecking motions, the instrument
was removed from the canal, and its flutes were cleaned
off. This procedure was performed until the instrument
reached the WL. Afterwards, the Reciproc R40 instrument
(40/0.06) was used with the same protocol.
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After each file insertion, root canals were irrigated
with 5 mL of 5.25% NaOCI for 2 min delivered by the
VATEA peristaltic pump (ReDent-Nova) at a 2.5-mL/min
rate connected to a 30-G Endo-Eze Tip (Ultradent Products
Inc, South Jordan, UT, USA) inserted up to 2 mm from the
apical foramen. Aspiration was performed with a SurgiTip
(Ultradent Products Inc.) attached to a high speed suction
pump. A total volume of 30 mL of 5.25% NaOCl| was used
per canal.

After chemomechanical preparation, teeth were
randomly assigned (http://www.random.org) into 3
experimental groups (n=10) according to the used
intermediate flush protocol:

Conventional irrigation - The intermediate flush was
made with 5 mL distilled water for 5 min using 30-G Endo-
EZE needles. The needle was inserted 1 mm from WL and
connected to the peristaltic pump VATEA using a constant
flow of irrigating solution of 1 mL/min.

SAF - The intermediate flush was performed with 5 mL
of distilled water for 5 min, activated with the SAFand used
0.5 mm from WL. The SAF was operated by usig a trans-
line (in-and-out) vibrating handpiece (Nouvag, Samstag,
Switzerland) combined with a RDT3 head (ReDent-Nova) at
an 83.3 Hz frequency (5000 movements per minute) and a
0.4 mm amplitude . The SAF instrument was coupled to the
handpiece and the whole was connected to the peristaltic
pump with a 1 mL/min constant flow of irrigating solution .

EndoVac - The intermediate flush was performed with
5 mL distilled water for 5 min using the microcannula
(32/.02) of the EndoVac system on WL. Pulp chamber was
filled with distilled water by the Endo-EZE 30-G needle
connected to the peristaltic pump with a 1 mL/min constant
flow of irrigating solution .

Afterwards, the root canals were rinsed with 3 mL of
17% ethylene-diamine-tetra-acetic acid (EDTA, pH=7.7)
delivered ata 1-mL/min rate for 3 min followed by a 2-min
5-mLrinse with 200 CHX. At last, the root canals were dried
with R40 absorbent paper points (VDW).

Scanning Electron Microscopy (SEM) Analysis

Two longitudinal grooves were prepared on both buccal
and lingual surfaces by a diamond disc without penetrating
the canal. The roots were then split into two halves with a
hammer and chisel. Both halves were used for the study.
Each specimen was dehydrated in graded series of ethanol
solutions, critically point dried, mounted on stubs, gold-
sputtered, and then examined with a scanning electron
microscope (JSM 6460 LV; JEOL, Tokyo, Japan), as described
previously by do-Prado et al. (7). SEM micrographs were
taken at 1000x magnification at the coronal, middle and
apical thirds of the root canals. Three images were acquired



per third, nine per tooth. One hundred and eighty SEM
micrographs were evaluated per group.

SEM images were assessed two timesin random order by
two blinded observers at 1-week interval without knowing
the previous result to score the presence or absence of
CSL at the coronal, middle and apical portions as follows
(Figure 1):

No CSL; Little CSL; Moderate CSL; Heavy CSL.

Statistical Analysis

Weighted coefficient kappa (Kw) was used to measure
the interobserver reproducibility between observers,
separately for each time period. and to measure The
intraobserver reproducibility was measured by the same
protocol. The differences between protocols were analyzed
with Kruskal-Wallis and Mann-Whitney U tests. Friedman
and Wilcoxon signed rank tests were used for comparison
between each root canal third. The significance level was
set at p<0.05. Statistical analysis was performed by the
Graph-Pad software (GraphPad Inc., San Diego, CA, USA).
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Results

Kappa test indicated an excellent agreement between
examiners with values above 0.9 (16). Table 1 summarizes
the mean ranks and median scores for CSL formation
presented by each group and root third. The use of SAF
resulted in less formation of CSL compared with the
conventionalirrigation and EndoVac (p<0.05). Conventional
irrigation and EndoVac groups showed less CSL formation
at coronal and middle thirds in comparison to the apical
third (p<0.05). In the SAF group, no difference was observed
among the root canal thirds (p<0.05). Representative SEM
micrographs of each group are shown in Figure 2.

Discussion

There is no consensus in the literature concerning
the most effective protocol to avoid CSL formation using
intermediate flushes. To be fully effective, the intermediate
flush must reach the whole length of the root canal.
Previous studies about smear layer removal have shown
that the conventional irrigation provides effective cleaning

1 5 6&

1 B rn

Figure 1. SEM micrographs representative of the score system: (A) no chemical smear layer; (B) small amounts of chemical smear layer; (C)

moderate chemical smear layer and (D) heavy chemical smear layer.
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of the cervical and middle thirds, but this is not enough
for the apical third (17). These results could be used to
explain the inability of conventional irrigation to achieve
the apical third effectively and prevent the CSL formation.

The present study proposed the use of an intermediate
flush with distilled water delivered with EndoVac
microcannula or SAF to prevent the CSL formation. The
results of this study rejected the tested null hypothesis.
The use of SAF produced less CSL when compared to

Table 1. Mean ranks and median scores (in parentheses) for CSL formation using the different

protocols and at each root canal third

conventional irrigation and EndoVac groups (p<0.05).
The positive results of SAF can be associated with its
adjustment to root canal walls, which can be translated
into improved cleanlining in areas generally untouched
by instruments during preparation procedures, associated
with the concomitant irrigant delivery and agitation. This
agrees with previous studies that showed that SAF is an
excellent auxiliary tool to mechanical removal of the smear
layer (18,19).

Comparing the different thirds, in
the conventionalirrigation and EndoVac
groups the coronal and middle thirds
had less CSL formation than the apical

Groups Coronal Middle

Apical

third; these results may be explained

Conventional irrigation ~ 2.55 + 1.00 (2)A*? 2.77 + 0.80 (2)A2

EndoVac 2.45 + 0.78 (2)A 2.64 + 0.90 (2)A2

Self-Adjusting file 1.90 + 0.75 (1.5)32  1.90 + 0.58 (1.5)B2

3.00 + 0.81 (3)AP
2.97 + 0.87 (3)AP

2.09 + 0.71 (1.5)82

by a deficient irrigation performance
in the apical third and the consequent
presence of NaOCl residues, allowing
the interaction between substances and

Different capital letters indicate significant difference within each column. Different lower-

case letters indicate significant difference within each row.
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Endo Vac

CSL formation Conventional irrigation,
although performed with a side vented

Middle

Figure 2. SEM micrographs representative of the different protocols and at each root canal third.
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needle, was performed 1 mm short of the WL to prevent
or reduce extravasation. Siu et al. (20) demonstrated that
EndoVac promotes more effective root canal cleaning than
conventional irrigation, when the microcannula was used
either at 1 or 3 mm short of WL. Since the microcannula
of the EndoVac system has a close end and was proposed
to reach the entire WL of root canal (21), in this study the
microcannula was used on WL; however this protocol was
notable to prevent completely the CSL formation, especially
in the apical third. In contrast, in SAF group no difference
was observed among the root canal thirds. These results
may be explained because while one irrigation protocol
is basically passive, the other one presents an interplay
between constantirrigant delivery and agitation allowing
that NaOCI mixed with distilled water and diluted faster.
Moreover, as previously demonstrated, SAF has the ability
to touch the walls of a great part of the root canal system
even at difficult areas, such as the apical third (22), and
this might be an advantage of SAF compared to the other
tested groups. SAF operates with an 0.4 mm amplitude,
therefore it was not used at the WL but 0.5 mm from the
WL to prevent that instrument operated outside root canal.

Previousstudies evaluated the use of differentirrigants
to prevent CSL formation in the association between
NaOCl and CHX (13,14,23). According to Krishnamurthy
and Sudhakaran (13), when absolute alcohol, saline
solution, and distilled water were used as intermediate
flushes between the NaOCl and CHX, only the use of
absolute alcohol prevented precipitate formation. However,
Magro et al. (14) observed that isopropyl alcohol, saline
and distilled water failed to prevent the precipitation
of residues on canal walls following the use of NaOCI
and CHX. Do Prado et al. (7) evaluated intermediate
flushes using distilled water in association with EDTA,
citric acid or phosphoric acid. According to the results,
authors suggested that a protocol using an intermediate
application of 37% phosphoric acid solution (1 mL NaOCl
+ 10 mL distilled water + 1 mL phosphoric acid + 10 mL
distilled water + 1 mL chlorhexidine solution) would not
induce formation of chemical smear layer. Further studies
should evaluate the effect of intermediate flush with
non-conventional irrigants delivery devices associated to
different intermediate chemical substances.

It is important to emphasize that in the present study
final irrigation of the root canals was performed with CHX
just after using EDTA. Rasimick et al (24) observed that
the interaction between chlorhexidine digluconate and
EDTA forms a precipitate. However those authors did not
evaluate the morphology of this precipitate. Do Prado et
al. (7) evaluated the morphology of the precipitate formed
by the interaction between NaOCl and CHX using scanning
electron microscopy (SEM) and evaluated chemically this
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precipitate using energy-dispersive X-ray spectroscopy
(EDS). They observed different morphology and chemical
composition between chemical and mechanical smear
layer. In the present study, the authors believed that
the precipitate evaluated here resulted from interaction
of NaOCl and CHX due the morphology, similar to that
observed in the do Prado et al study (7) regarding the
chemical smear layer. Additionally, as the process to
form the precipitate between NaOCI/CHX and EDTA/CHX
is different (25), its morphology also can be different.
Therefore, further studies using SEM and EDS should be
performed to evaluate the chemical smear layer formed due
to the interaction between differentirrigants like CHX and
EDTA. It isimportant to emphasize that regardless the type
of the formed precipitate, the present study may contribute
to adoption of a protocol capable to avoid its formation.

In order to have a methodological design close to clinical
situations, in the present study a closed-end canal model
was used. Root canal instrumentation was performed and
canals were enlarged to an apical size of a 40/0.06 file
to allow adequate penetration of solutions to the apical
third (14,15).

Regarding the limitations of this methodological
approach, most studies on smear layer analysis are
performed by using conventional SEM, which means that
it requires high vacuum and metalized specimen surfaces
to allow visualization of the area to be evaluated. Since
desiccated and metalized specimens do not allow new
experimental interventions, this type of analysis allows
only acquisition of post-treatment images in a single
moment of the study. This model has been criticized as
not allowing for longitudinal evaluations. Also, for studies
of smear layer removal, root canal areas not touched by
instrumentation may be erroneously scored as areas of
removed smear layer and lead the researchers to mistaken
conclusions by assigning maximum cleaning values to
areas previously free of smear layer (19). In the present
study root canal areas not touched by instrumentation
did not affect the results, since chemical smear layer has
a morphology different than mechanical smear layer (7)
and it was formed on dentin surface.

None of the tested protocols yielded root canals
completely free of CSL. Intermediate flush using distilled
water associated with the Self-adjusting File was superior
to conventional irrigation and Endovac system to reduce
the chemical smear layer formation.

Resumo

O presente estudo comparou o efeito da utilizacdo de uma irrigacdo
intermedidria com aqua destilada usando a irrigacdo convencional, a
microcinula EndoVac ou o sistema Self-Adjusting File (SAF) na prevencdo
de formacio da smear-layer quimica (SLQ). Trinta pré-molares humanos
foram utilizados. Os canais foram preparados com sistema Reciproc e
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irrigados com NaOCl a 5,25%. Apds o preparo quimico mecanico, as
amostras foram divididas em 3 grupos (n=10) de acordo com o protocolo
de irrigacdo intermediaria com dagua destilada utilizado: irrigacao
convencional, a microcdnula EndoVac ou SAF. Utilizou-se uma lavagem
final com solucdo de clorexidina a 2% e a microscopia electronica
de varredura foi utilizada para avaliar a eficacia dos protocolos. Dois
avaliadores calibrados atribuiram escores de acordo com a presenca ou
auséncia de SLQ nas paredes do canal radicular nos tercos coronal, médio
e apical, como a sequir: (1) sem SLQ; (2) pequenas quantidades de SLQ;
(3) SLQ moderada e (4) muita SLQ. As diferencas entre protocolos foram
analisadas com testes de Kruskal-Wallis e Mann-Whitney U. Os testes
Friedman e Wilcoxon foram utilizados para comparacéo entre cada terco
do canal radicular. SAF resultou em menor formacdo de SLQ quando
comparado com a irrigacdo convencional e a microcanula EndoVac
(p<0,05). Quando os tergos dos canais radiculares foram analisados, os
grupos irrigacao convencional e microcanula EndoVac apresentaram menor
formacéo de SLQ nos tercos coronal e médio em relagdo ao terco apical
(p<0,05). No grupo SAF, ndo houve diferenca entre os tergos (p>0,05).
Dentro dos resultados do presente estudo, pode-se concluir que um fluxo
intermediario de 4gua destilada, administrado pelo sistema SAF resultou em
melhor reducédo da formacao de SLQ durante o preparo quimico mecanico.
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